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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To concurrently realize a low self-discharge rate and 
a high recovery factor in a nonaqueous electrolyte secondary battery provided with a 
positive electrode coated with a positive electrode mix containing a positive 
electrode active material on a positive electrode current collector, a negative 
electrode coated with a negative electrode mix containing a negative electrode 
active material on a negative electrode current collector, and a nonaqueous 
electrolyte, particularly a lithium ion nonaqueous electrolyte secondary battery. 
SOLUTION: This nonaqueous electrolyte secondary battery is provided with a 
positive electrode 2 coated with a positive electrode mix containing a positive 
electrode active material on a positive electrode current collector 1 1 , a negative 
electrode 1 coated with a negative electrode mix containing a negative electrode 
active material on a negative electrode current collector 10, and a nonaqueous 
electrolyte. Grains having the specific surface area of 0.20-0. 32m2/g and the 
moisture value of 150ppm or below are used for the positive electrode active 
material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] the positive electrode containing a positive active material -- the positive electrode which comes to apply a mixture 
to collection **** of positive electrodes, and the negative electrode containing a negative-electrode active material ~ the 
nonaqueous electrolyte rechargeable battery characterized by using me gram wmchjhas me specie surface area of - 
6.20-0.32m2/g, and has the moisture value of 1 50 ppm or less as a positive active material in the nonaqueous electrolyte 
rechargeable battery equipped with the negative electrode which comes to apply a mixture to collection **** of negative 
electrodes, and nonaqueous electrolyte 

[Claim 2] The nonaqueous electrolyte rechargeable battery of the claim 1 publication whose positive active material is a 
lithium transition-metals oxide. 

[Claim 3] The claim 1 whose lithium transition-metals oxide is LiCo02, and a nonaqueous electrolyte rechargeable battery 
given in two. 

[Claim 4] A nonaqueous electrolyte rechargeable battery given in either of the claims 1 -3 which are the carbon materials to 
which a negative-electrode active material can dope and ** dope a lithium ion. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to a nonaqueous electrolyte rechargeable battery, the 
positive electrode which contains a positive active material in detail -- the positive electrode which comes to apply a mixture 
to collection **** of positive electrodes, and the negative electrode containing a negative-electrode active material - it is the 
nonaqueous electrolyte rechargeable battery equipped with the negative electrode which comes to apply a mixture to 
collection **** of negative electrodes, and nonaqueous electrolyte, and is related with the nonaqueous electrolyte 
rechargeable battery which has a low rate of self-discharge, and a high recovery factor 
[0002] 

[Prior art] In recent years, highly-efTicient-izing of electronic equipment, a mirriaturization, and portable-ization progress by 
progress of electronic technique, the carbon material in which a dope and a ** dope of a lithium ion are possible is made into 
a negative-electrode active material as a rechargeable battery cell of the high-energy density used for these portable electronic 
equipment, and the lithium ion nonaqueous electrolyte rechargeable battery which uses a lithium transition-metals oxide as a 
positive active material is known. 

[0003] As one of the general configurations of such a lithium ion nonaqueous electrolyte rechargeable battery, the cell 
equipped with the swirl type electrode field is known, and this swirl type cell is manufactured as follows. 
[0004] first, the pulverization of the lithium transition-metals oxide is carried out, it is uniformly mixed with the carbon black 
and the poly-fluoro vinylidene resin binder which are electric conduction material, and the mixture is uniformly distributed to 
N-methyl pyrrolidone — making — a positive electrode — a mixture — a slurry is prepared this positive electrode — a mixture 
- a positive electrode is produced by applying a slurry on the aluminum foil which is collection **** of positive electrodes, 
and drying 

[0005] next, the carbon material in which a dope and a ** dope of a lithium ion are possible — the pulverization — carrying 
out — it — a poly-fluoro vinylidene resin binder ~ uniform — mixing — a negative electrode — it considers as a mixture and it 
is uniformly distributed to N-methyl pyrrolidone ~ making ~ a negative electrode - a mixture - a slurry is prepared this 
negative electrode - a mixture a negative electrode is produced by applying a slurry on the copper foil which is collection 
**** of negative electrodes, and drying 

[0006] Next, the time of the positive electrode and negative electrode which do in this way and were obtained is rolled and 
carried out through a separator, and the swirl type laminating electrode field is produced. The acquired electrode field is held 
in a cell can, the nonaqueous electrolyte which made the non-water mixed solvent with the diethyl carbonate which is the 
propylene carbonate and hypoviscosity solvent which are a high dielectric constant solvent melt electrolytes, such as LiPF6 s 
into the cell can is poured in, a cell is assembled after that according to a conventional method, and, finally a cell lid is fixed to 
a cell can in total through a gasket. Thereby, a swirl type nonaqueous electrolyte rechargeable battery is obtained. 
[0007] By the way, as an example of representation of the lithium transition-metals oxide used as a positive active material, a 
lithium carbonate and cobalt carbonate are mixed so that it may become the proportion of 1 .0 mols of 0.5 mol pairs, it can 
calcinate in air at about 900 degrees C for about 5 hours, LiCo02 can be obtained, and the trituration object which ground 
this on the basis of particle size distribution using commercial trituration equipment can be mentioned. 
[0008] 

[Object of the Invention] However, when it ground on the basis of particle size distribution, in order to grind too much, the 
flour increased, the specific surface area of the trituration object of a lithium transition-metals oxide increased too much, the 
surface activity of a trituration object increased, and there was a problem that the amount (moisture value) of water adsorption 
became high. When a nonaqueous electrolyte rechargeable battery was produced using such a trituration object, there was a 
problem that it will separate from the domain of a request of the rate of self-discharge, recovery factors, or those both in spite 
of being strongly asked for making the rate of self-discharge of a cell into 10.0% or less, and making a recovery factor into 
90.0% or more simultaneously as a standard with a practical rechargeable battery. 

[0009] the positive electrode which this invention tends to solve the technical probrem of the above Prior art, and contains a 
positive active material — the positive electrode which comes to apply a mixture to collection **** of positive electrodes, and 
the negative electrode containing a negative-electrode active material — it aims at enabling it to realize simultaneously the 
nonaqueous electrolyte rechargeable battery equipped with the negative electrode which comes to apply a mixture to 
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collection **** of negative electrodes, and nonaqueous electrolyte, and the rate especially low to a lithium ion nonaqueous 

electrolyte rechargeable battery of self-discharge and a high recovery factor 

[0010] 

[The means for solving a technical problem] By using the grain which has the specific surface area and the moisture value of 
a specific domain as a positive active material, this invention person finds out that the above-mentioned purpose can be 
attained, and came to complete this invention. 

[001 1] namely, the positive electrode where this invention contains a positive active material — the positive electrode which 
comes to apply a mixture to collection **** of positive electrodes, and the negative electrode containing a negative-electrode 
active material - in the nonaqueous electrolyte rechargeable battery equipped with the negative electrode which comes to 
apply a mixture to collection **** of negative electrodes, and nonaqueous electrolyte, the nonaqueous electrolyte 
rechargeable battery characterized by using the grain which has the specific surface area of 0.20-0. 3 2m2/g, and has the 
moisture value of 1 50 ppm or less as a positive active material is offered 
[0012] 

[Gestalt of implementation of invention] Hereafter, this invention is explained in detail. 

[0013] Nonaqueous electrolyte rechargeable battery **** of this invention uses the grain which has the specific surface area 
of 0.20-0. 3 2m2/g, and th e moisture value of 150 p pm or less as a pos iti ve active materiaU he rate of self-discharge of a cell 
is not increased and it can avoid reducing a recovery factor moreover by this. In addition, if specific surface area separates 
from this domain and increases, the surface activity of a positive active material will become large too much, a water 
adsorption reaction will increase, and the rate of self-discharge of a cell will rise, and a recovery factor will fall. 
[0014] As a nonaqueous electrolyte rechargeable battery of this invention which uses such a positive active material, the 
lithium ion nonaqueous electrolyte rechargeable battery which uses a lithium ion as an ionic conduction kind can be 
mentioned preferably. The carbon material which uses a lithium transition-metals oxide as a positive active material, and uses 
an aluminum foil with a thickness of about 5-40 micrometers as collection **** of positive electrodes, and can dope and ** 
dope a lithium ion as a negative-electrode active material as this lithium ion nonaqueous electrolyte rechargeable battery can 
be used, and the thing which uses copper foil with a thickness of about 5-40 micrometers as collection **** of negative 
electrodes can be mentioned. 

[001 5] As a lithium inclusion multiple oxide, what is used as a positive active material of a lithium ion rechargeable battery 

can be used conventionally here, and it is especially a formula (1). 

[0016] 

[-izingl]LixM02(l) 

(-- among a formula, Co, nickel, and Mn are kinds at least preferably, and M is transition metals and a number in which x 
satisfies 0.05<=x<=l . 10 The compound expressed with) can be used preferably. The value of x in a formula changes with 
charge-and-discharge status within the limits of 0.05<=x<=l . 10. Especially, the case where M is Co is desirable. 
[00 1 7] Such a lithium multiple oxide can manufacture a lithium and each salt of transition metals, for example, a carbonate, a 
nitrate, a sulfate, an oxide, a hydroxide, a halogenide, etc. as a raw material. For example, according to desired composition, a 
lithium salt raw material and the charge of a transition-metals salt field are ****ed, respectively, and after fully mixing, it can 
manufacture by carrying out heating baking by the 600 degrees C - 1000 degrees C temperature requirement under the 
oxygen presence ambient atmosphere. In this case, especially the mixed technique of each component is not limited, may mix 
powdered salts in the dry-type status as it is, or may melt powdered salts in water and may mix them in the state of the 
aqueous solution. 

[001 8] Moreover, it can carry out by setting up trituration conditions suitably as the technique of adjusting to the 
predetermined numerical domain of the above-mentioned [ the specific surface area and the moisture value of a positive 
active material which were acquired as a result of baking ], using the trituration equipment which showed drawing 2 , for 
example. Below an operation of the trituration equipment of drawing 2 is explained, and by changing trituration conditions 
explains that the specific surface area and the moisture value of a positive active material can be adjusted. 
[0019] First, a positive active material is sent to the interior of a trituration rotor (F) by the screw feeder (A), and is ground by 
impact shearing operation between the grinding disks (B) and liners (C) which carry out high-speed rotation. The ground 
positive active material receives a classification operation with the centripetal force of the draft attracted with the centrifugal 
force of the separator (E) which carries out high-speed rotation by the guide ring (D), a flour passes a separator (E), and is 
conveyed out of equipment, and a uptake is carried out with a pulse air dust catcher (not shown). On the other hand, the 
coarse powder separated with the separator returns from the inside of a guide ring (D) to the interior of a trituration rotor (F), 
and is ground again. 

[0020] The relation between the specific surface area of the trituration conditions (for example, a trituration rotational 
frequency / classification rotational frequency / active material amount of supply / wind speed) and trituration object in the 
trituration equipment of such a configuration and a moisture value is as follows. 

[0021] (Trituration rotational frequency) If a trituration rotational frequency is raised, it will become an overgrinding and 
specific surface area and a moisture value will increase. Although it becomes coarse grinding, and specific surface area will 
decrease and a moisture value will also become low if a trituration rotational frequency is dropped, particle size becomes 
large and it becomes bad as a VCF. 

[0022] (Classification rotational frequency) If a classification rotational frequency is raised, the residence time in trituration 
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equipment of the grain of coarse grinding will become long, it will become an overgrinding as a result, and specific surface 
area and a moisture value will increase. Although specific surface area decreases and a moisture value also becomes low 
since the grain of coarse grinding can be passed if a classification rotational frequency is dropped, particle size becomes large 
and it becomes bad as a VCF. 

[0023] (Active material amount of supply) Although the amount of supply becomes superfluous to a trituration throughput, it 
becomes that it is hard to be ground, and it becomes coarse grinding, and specific surface area will decrease and a moisture 
value will also become low if the active material amount of supply is made to increase, particle size becomes large and it 
becomes bad as a VCF. If the active material amount of supply is decreased, additional coverage will arise in a trituration 
throughput, it will become an overgrinding as a result, and specific surface area and a moisture value will increase. 
[0024] (Wind speed) If a wind speed is raised, although the residence time in the trituration equipment of an active material 
becomes short, and it becomes coarse grinding, and specific surface area will decrease and a moisture value will also become 
low, particle size becomes large and it becomes bad as a VCF. If a wind speed is dropped, the residence time in the trituration 
equipment of an active material will become long, it will become an overgrinding, and specific surface area and a moisture 
value will increase. 

[0025] As mentioned above, it is enabled to adjust the specific surface area and the moisture value of an active material by 
adjusting trituration conditions, as explained. 

[0026] A positive active material which explained the positive electrode of the nonaqueous electrolyte rechargeable battery of 
this invention above Carry out the pulverization of (for example, the lithium transition-metals oxide), and it is uniformly 
mixed with electric conduction material and a fluorines (for example, carbon black etc.) system binder (for example, 
poly-fluoro vinylidene resin), the mixture is uniformly distributed to N-methyl pyrrolidone ~ making -- a positive electrode -- 
a mixture -- a slurry — preparing -- this positive electrode - a mixture — it is producible by applying a slurry on collection 
****s (for example, aluminum foil etc.) of positive electrodes, and drying 

[0027] The low crystallinity carbon material calcinated and obtained at the comparatively low temperature of 2000 degrees C 
or less on the other hand as a carbon material (negative-electrode active material) which can dope and ** dope a lithium ion, 
the high crystallinity carbon material which processed the raw material which is easy to crystallize at the elevated temperature 
of about 3000 degrees C can be used preferably. For example, pyrolytic carbons, corks, artificial graphites (pitch coke, a 
needle coke, petroleum coke, etc.), natural graphites, glassy carbons, the organic high-molecular-compound baking field 
(what calcinated and carried out the carbonization of the furan resin etc. at suitable temperature), a_carbon fiber, active 
carbon, etc. can be used, the low crystallinity carbon material to which the spacing of a field (002) does not have an exoergic 
peak in 700 degrees C or more especially with the 3.70A or more differential thermal analysis [ ** / it / true density ] in less 
than 1.70g [ cc ] /and an air draft, and a negative electrode -- a mixture - the high true specific gravity of restoration nature 
can use preferably a 2. lOg [/cc ] or more high crystallinity carbon material 

[0028] A negative-electrode active material which explained the negative electrode of the nonaqueous electrolyte 
rechargeable battery of this invention above The pulverization of (for example, the carbon material in which a dope and a ** 
dope of a lithium ion are possible) is carried out. It is uniformly mixed with electric conduction material and a fluorines (for 
example, carbon black etc.) system binder (for example, poly-fluoro vinylidene resin), the mixture is uniformly distributed to 
N-methyl pyrrolidone making - a negative electrode - a mixture - a slurry -- preparing — this negative electrode - a 
mixture - it is producible by applying a slurry on collection ****s (for example, copper foil etc.) of negative electrodes, and 
drying 

[0029] The non-aqueous solvent currently used in various nonaqueous electrolyte rechargeable batteries from the former as a 
non-aqueous solvent of the nonaqueous electrolyte used in the nonaqueous electrolyte rechargeable battery of this invention 
can be used preferably. For example, in the case of a lithium ion nonaqueous electrolyte rechargeable battery, the propylene 
carbonate which is a high dielectric constant solvent, an ethylene carbonate, a carbonic acid butylene, gamma-butyrolactone, 
etc. 1 which is a hypoviscosity solvent, 2 -dimethoxy ethane, 2-methyl tetrahydrofuran, a dimethyl carbonate, methylethyl 
carbonate, diethyl carbonate, etc. can be used. 

[0030] As an electrolyte used in case it is made to melt in the above non-aqueous solvents and nonaqueous electrolyte is 
prepared, generally, although it changes with duction ion kinds, when a duction ion kind is a lithium ion, LiC104, LiAsF6, 
LiPF6, LiBF4, LiCl, LiBr, CH3S03Li, CF3S03Li } etc. can be used preferably. Even when these are independent, even if they 
mix two or more kinds, they can be used. 

[003 1] Suppose that it is the same as that of the conventional lithium ion nonaqueous electrolyte rechargeable battery etc. 
about other configurations, such as a separator of the nonaqueous electrolyte rechargeable battery of this invention, a cell can, 
and PTC element. 

[0032] It is not limited especially about the cell configuration of the nonaqueous electrolyte rechargeable battery of this 
invention, but can consider as various configurations, such as a cylindrical configuration, a square shape configuration, a coin 
type configuration, and a button type configuration, if needed. 
[0033] 

[Example] Hereafter, an example explains the nonaqueous electrolyte rechargeable battery of this invention concretely. 
[0034] It explains concretely, referring to the cross section of the cell shown in the examples 1-4 and the example 1 of a 
comparison, - 3 drawing 1 . 

[0035] (Production of a negative electrode (1)) After carrying out the introduction (oxygen bridge formation) of the functional 
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group which contains oxygen in a petroleum pitch ten to 20%, the difficulty graphitized-carbon material {(002 )spacing 
=3.76 A (based on X-ray diffraction measurement); true-specific-gravity =1 .58 of a field} of the property near a vitrified 
carbon material was obtained by calcinating at 1000 degrees C among inert gas. 

[0036] Next, the obtained carbon material was ground to the powder of 1 0 micrometers of mean particle diameters, mixing 
the polyvinylidene-fluoride 10 weight section, adding an N-methyl-2-pyrrolidone to this mixture, considering as a slurry, 
adding the alkyl acetoacetate aluminum **************** (aluminum chelate M, **** fine-chemicals company make) 0.5 
weight section as an aluminate coupling agent further, and mixing uniformly as this powder 89.5 weight section and join 
arrival material, — a negative electrode - a mixture - the slurry was prepared 

[0037] And this slurry was applied to both sides of the copper foil of 10 micrometer ** which is collection **** (10) of 
negative electrodes, and the band-like negative electrode (1) was produced by performing compression molding with the 
roll -press machine after xeransis. 

[0038] (Production of a positive electrode (2)) First, a lithium carbonate and cobalt carbonate were mixed so that it might 
become the proportion of 1 .0 mols of 0.5 mol pairs, and LiCo02 was obtained by calcinating in air at 900 degrees C for 5 
hours. 

[0039] It supplied to the trituration equipment to which obtained LiCo02 was shown in drawing 2 on the trituration 
conditions (trituration rotational frequency rpm / classification rotational frequency rpm / active material amount-of-supply 
rpm) shown in Table 1, and ground at the wind speed of 40m/s, and the positive-active-material fine particles which have the 
specific surface area shown in Table 1 and a moisture value were obtained. 
[0040] 
[Table 1] 

Trituration Classification An active material Moisture value Specific surface area rotational frequency (rpm) Rotational 
frequency (rpm) The amount of supply (rpm) (ppm) (m2/g) Example 1 1800 900 10.5 142 0.283 2 1500 900 10.5 137 0.283 
3 1800 900 20.4 145 0.255 4 2100 700 20.4 Example 1 of 80 0.210 comparison 2700 900 20.4 225 0.312 2 2700 900 10.5 
205 0.398 3 1800 1000 20.4 147 0.333 1 [0041] With the obtained positive-active-material fine-particles (LiCo02) 91 
weight section, as electric conduction material Next, the graphite 6 weight section, As join arrival material, mix the 
polyvinylidene-fluoride 3 weight section, add an N-methyl-2-pyrrolidone to this mixture, and it considers as a slurry, 
furthermore, the thing which the alkyl acetoacetate aluminum **************** (aluminum chelate M, **** 
fine-chemicals company make) 0.5 weight section is added, and is uniformly mixed as an aluminate coupling agent — a 
positive electrode — a mixture -- the slurry was prepared 

[0042] Next, this slurry was uniformly applied to both sides of the aluminum foil of 20 micrometer ** which is collection 
**** (1 1) of positive electrodes, and the band-like positive electrode (2) was obtained by performing compression molding 
with the roll-press machine after xeransis. 

[0043] (Production of a nonaqueous electrolyte rechargeable battery) The swirl formula electrode field of a size which is 
settled pertinently in the iron cell can (5) which performed nickel plating, and (the outer diameter of 13.8mm and height) of 
5 1 .8mm was produced by carrying out the laminating of the band-like negative electrode (1 ) and positive electrode (2) which 
were produced as mentioned above, and the separator (3) with which it is thin from the fine porosity polyethylene film which 
is 25 micrometers to order, and ****ing in large numbers around a center pin. 

[0044] Next, contain this swirl formula electrode field with a cell can (5), arrange an electric insulating plate (4) to the swirl 
formula electrode field vertical both sides, and in order to perform each **** of a positive electrode (2) and a negative 
electrode (1) It connected with the cell lid (7) through the safe valve gear (8) which drew the positive-electrode lead (13) 
which consists of aluminum from collection **** (1 1) of positive electrodes, and was equipped with PTC element (9) as a 
current interrupting device. Moreover, the negative-electrode lead (12) which consists of nickel was drawn from collection 
**** (10) of negative electrodes, and it welded to the cell can (5). 

[0045] Next, the nonaqueous electrolyte which melted LiPF6 in the mixed non- aqueous solvent which consists of 
propylene-carbonate 50 capacity % and diethyl carbonate 50 capacity % by the concentration of one mol/1. was poured in into 
the cell can (5). And these were fixed by closing a cell lid (7) and a cell can (5) through the gasket (6) which applied asphalt. 
In this way, the cylindrical nonaqueous electrolyte rechargeable battery with a height of 50mm was produced for a diameter of 
1 3 .8mm which is shown in drawing 1 . 

[0046] (Evaluation of a cell performance) About the cylindrical nonaqueous electrolyte rechargeable battery of the examples 
1 -4 which carried out in this way and were produced, and the examples 1 -3 of a comparison, the rate of self-discharge and the 
recovery factor were examined, and the result was shown in Table 2. 
[0047] 
[Table 2] 

Moisture value Specific surface area Rate of self-discharge Recovery factor (ppm) (m2/g) (%) (%) Example 1 142 0.283 8.4 
93.4 2 137 0.283 9.1 92.0 3 145 0.255 8.8 92.5 4 80 0.210 9.2 Example of 92.8 comparison 1 225 0.312 12.0 89.9 2 205 
0.398 13.9 90.7 3 147 0.333 1 1 1 .0 90.6 [0048] The nonaqueous electrolyte rechargeable battery of the examples 1 -4 which 
have the specific surface area and the moisture value of 1 50 ppm or less whose positive active material is 0.20-0.32m2/g 
from the result of Table 2 is understood that the rate of self-discharge is low and a recovery factor is high compared with the 
nonaqueous electrolyte rechargeable battery of the examples 1-3 of a comparison. 
[0049] 
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[Effect of the invention] the positive electrode which contains a positive active material according to this invention — the 
positive electrode which comes to apply a mixture to collection **** of positive electrodes, and the negative electrode 
containing a negative-electrode active material ~ the nonaqueous electrolyte rechargeable battery equipped with the negative 
electrode which comes to apply a mixture to collection **** of negative electrodes, and nonaqueous electrolyte, and the rate 
especially low to a lithium ion nonaqueous electrolyte rechargeable battery of self-discharge and a high recovery factor are 
simultaneously realizable 



[Translation done.] 
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